Gekko gecko, an animal used as a valued traditional Chinese medicine, has been widely used for over 2000 years. Due to localized habitat destruction, the amount of G. gecko has dramatically decreased in recent years. As a result, more and more adulterants have been detected in the traditional medicine, which has resulted in a chaotic market. Therefore, a correct identification method is badly needed. In this study, we employed a new molecular method of DNA barcoding for discriminating gecko from its adulterants. Fifty-seven specimens of gecko and its adulterants were collected as test samples. The full-barcode and mini-barcode sequences of these specimens were separately amplified and sequenced separately. Together with other published barcode sequences, we detected that the intra-specific sequence diversity was far lower than the inter-specific diversity in G. gecko and its adulterants (3% compared with 35% in full-length barcode; 4% compared with 33.5% in mini-barcode). These results showed that both the full-length and mini-barcodes were effective for identifying gecko, which suggested that the DNA barcode could be an effective and powerful tool for identifying the Chinese crude drug gecko.
Gecko is recorded in the Compendium of Materia Medica as a valuable Chinese crude drug, and has been used for more than 2000 years. It is reported that gecko is effective in replenishing 'the kidney essence', 'moistening the lung', suppression of asthma, and in the relief of coughing [1] . The original animal, Gekko gecko (Gekkonidae), is distributed mainly in tropical regions of southern China and south-east Asia. However, due to environmental destruction and human hunting, the amount of G. gecko has been drastically reduced in recent years. As a result, G. gecko is listed as a "Class 2 State Key Protected Animal" in China. Because of its high demand, but scarce availability, more and more adulterants occur in the marketplace. According to a previous survey, sixteen gecko adulterants have been found in the market [2] . For the benefit of consumers and the quality evaluation of crude drugs, their correct identification is important and eagerly demanded.
Traditionally, the authentication of crude drugs is based on morphological features and these are still the basis of taxonomy. However, this traditional method has limitations in time and the need for professional experience. Compared with the traditional methods, DNA analysis is much more desirable and has proven to be efficient in distinguishing genuine crude drugs from their adulterants [3, 4] . Several methods, mainly including random amplified polymorphic DNA (RAPD), arbitrary primed PCR (AP-PCR), and restriction fragment length polymorphism (RFLP), are widely used for the authentication of medicinal materials [5] [6] [7] [8] . However, limitation in the application of these methods is inevitable because of the high quality template DNA required and its relative cost.
DNA barcoding is a technology that uses a standard DNA sequence to facilitate species identification. In land plants, although a consensus has not been reached regarding which DNA sequences can be used as the best plant barcodes, the chloroplast psbA-trnH intergenic region was proposed as a DNA barcode for the identification of Dendrobium species [9] . In addition, another barcode candidate of eight gene fragments (rbcL, trnH-psbA, ndhJ, rpoB, rpoC1, accD, YCF5, nrITS) was also proposed for the identification of the traditional Chinese medicinal plants of the Polygonaceae and their adulterants [10] . In animals, the 648 bp mitochondrial cytochrome c oxidase I (COI) as a barcode sequence [11] has been proven to provide more than 95% resolution on a species-level [12] [13] [14] [15] . Recent studies have demonstrated that DNA barcoding was highly functional in species identification. However, for long-time preserved specimens, especially NPC Natural Product Communications 2011 Vol. 6 No. 1
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Chinese medicinal materials, it is hard to recover quickly and cheaply barcode sequences since their DNAs are degraded. DNA degradation complicates the recovery of a full-length barcode (648 bp) from many specimens, while minimalist barcode (mini-barcode) sequences can effectively overcome this problem. Mini-barcode was proposed by Hebert in 2006, based on the 5' end of the barcode region targeting a 100-150 base amplicon. At present, mini-barcode has been successfully applied in several studies including the identification of fruit-fly and museum specimens as well as the assessment of biodiversity [16] [17] [18] . Both full-length barcode and minibarcode sequences are used to identify species by analyzing the diversity of sequences, gaining enough information locus of specific-level.
In this study, we employed DNA barcode (both full-length and mini-) sequences to analyze the sequence diversity between gecko and its adulterants, and to explore the effectiveness of DNA barcoding for the authentication of gecko and its adulterants.
A fragment of about 650 bp of the full-length barcode and 150 bp of the mini-barcode sequences from fifty-seven samples were amplified and sequenced. To demonstrate whether these product sequences were what we wanted, we compared them with the sequences in the GenBank database using the Basic Local Alignment Search Tool (BLAST). Then we aligned these sequences with those of six gecko adulterants from GenBank. Finally, 585 bp and 93 bp were used for the species-level analysis.
By analyzing the full-length barcode sequences, the data showed that the diversity of sequences was 0-6.0% among samples of G. gecko, and the mean sequence diversity was 3.0%; 21.0%-24.0% between G. gecko and other species of Gekkonidae, and the mean sequence diversity was 22.5%; 6.0%-64.0% between G. gecko and its adulterants, and the mean sequence diversity was 35.0%; 21.0%-70.0% among gecko's adulterants, and the mean sequence diversity was 45.1% (Figure 1 ). In a previous study, congeneric species of moths showed an average sequence divergence of 3.75% at the COI gene, whereas divergences among conspecific individuals averaged only 0.25% [19] . Similar values were obtained for birds, with intraspecific divergences at COI averaging 0.43%, whereas congener divergences averaged 7.93% [20] . Compared with the above studies, our results showed that there were relatively larger conspecific divergences among G. gecko, which was consistent with the study of Liu [21] . The distribution of G. gecko is so wide that large variation occurs with different regions, so it is reasonable that the divergence among G. gecko is relatively high compared with other species. However, the divergence between gecko and its adulterants was 35% in our study. Although the conspecific divergence is high, inter-specific divergence is obviously far higher than conspecific. The clear division illustrated that the full-length barcode is effective for distinguishing the crude drug Gecko.
Meanwhile, to evaluate the efficacy of the mini-barcode in the identification of gecko, we also analyzed the minibarcode divergences of the samples, and compared them with the full-length barcode. Based on our results, fortyeight specimens of G. gecko showed divergences of 3.0% and 4.0% using the full-length barcode and mini-barcode, respectively. The average inter-specific divergence (gecko and its adulterants) from all 63 sequences was 35.0% and 33.5% in the full-length barcode vs. the mini-barcode (see Figure 2 ). The differences between species were, on average, eleven times higher than those within species in the full-length barcode, and about eight-and-a-half times in the mini-barcode. At the same time, as can be seen in Figure 2 , the sequence diversity within G. gecko and within the Gekkonidae mini-barcode is higher than the full-length barcode (4.0% vs. 3.0%, 24.5% vs.22.5%, respectively), but the sequence diversity between gecko and its adulterants and within the gecko's adulterants fulllength barcode is higher than the mini-barcode (35.0% vs. 33.5%, 45.1% vs. 44.5%, respectively) (see Figure 2 ). This difference may result from different information sites and sequence length between the full-length barcode and minibarcode. With the increase of sequence length, more information sites can be found at higher classification units, so the proportion of pairwise base differences in the full-length barcode is higher than in the mini-barcode. However, in closely related species, information sites are limited, but the sequence length in the mini-barcode is shorter than in the full-length barcode, so the proportion is higher. The results suggested that the measures of sequence divergence of the mini-barcode were similar to those of the full-length barcode at both the intra-specific and inter-specific levels, and there is no significant difference between the full-length and mini-barcodes in the identification of gecko and its adulterants. The intraspecific diversity was far lower than the inter-specific, which was consistent with the previous studies of Hebert [22] [23] [24] [25] . So our results implied that the mini-barcode was almost as effective as the full-length barcode for identifying species.
We propose the use of the full-length barcode to discriminate gecko and its adulterants, if the DNA template is fine. Figure 2 shows that the full-length barcode was more effective than the mini-barcode, because the sequence diversity between gecko and its adulterants in the full-length is more obvious than in the mini-barcode (11 times vs. 8.5 times). However, the DNA of crude drugs is usually degraded during preparation, transportation and storage of the medicinal materials [26] . DNA degradation in crude drugs often makes the recovery of PCR fragments shorter than 200 bp and it is costly and time-consuming to recover long sequences [16, 27] . Short sequences can be quickly and cheaply obtained by using routine protocols [28] . Here we confirm that very short barcode sequences are valuable for the identification of species as well. So it should be a good choice to use the mini-barcode for identifying some long-term preserved crude drugs. Similarly, it may be possible to employ the mini-barcode for the identification of formalin-fixed samples, which often contain highly fragmented DNA [29] . Furthermore, the short amplicon is ideal for amplification and sequencing, which makes the inexpensive but comprehensive studies of species' molecular identification available. Therefore, in the case of DNA degradation, the mini-barcode would be preferred for the identification of crude drugs. Note: "1" in horizontal axis denotes the mean sequence diversity within G.gecko "2" in horizontal axis denotes the mean sequence diversity between G.gecko and other species of Gekkonidae. "3" in horizontal axis denotes the mean sequence diversity between gecko and its adulterants "4" in horizontal axis denotes the mean sequence diversity within gecko's adulterants. Note: "1" in horizontal axis denotes the mean sequence diversity within G.gecko. "2" in horizontal axis denotes the mean sequence diversity between G.gecko and other species of Gekkonidae. "3" in horizontal axis denotes the mean sequence diversity between gecko and its adulterants. "4" in horizontal axis denotes the mean sequence diversity within gecko's adulterants.
In this study we showed that the DNA barcode (both fulllength and mini-) sequence differences between gecko and its adulterant species far exceeded those of different collections of G. gecko. Our results suggested that DNA barcoding can be effective for identifying the Chinese crude drug Gecko. The use of the mini-barcode is a novel approach based on a much shorter barcode sequence. An important application of the mini-barcode lies in obtaining sequence information from DNA degraded samples. DNA barcoding will significantly promote the molecular identification of crude drugs.
Experimental
Sample material and DNA extraction: Fifty-seven gecko and adulterant samples were collected from several localities in China. At the same time, 6 sequences were downloaded from GenBank ( Table 1 ). The voucher specimens were deposited in Chengdu Institute of Biology, Chinese Academy of Sciences (CIB). All samples were identified by Professor Wu from CIB. The total DNA was extracted from the muscle and liver of the gecko and its adulterant using the high salt method described previously [30] .
PCR optimization strategy:
The full-length barcode was amplified by the primers LCO1490 5'-GGTCAACAAATCATAAAGATATTG-3' HCO2198 5'-TAAACTTCAGGGTGACCAAAAAATCA-3' [31] . The mini-barcode sequences were amplified by a pair of primers designed by ourselves [32] .
PCR reactions were performed using a standard PCR mixture: Taq polymerase (TaKaRa 5 U/μL) 0.5 μL, 10 mmol/L dNTP 1 μL, 10 pmol/μL primer (forward and reverse) each 0.5 μL, 10×PCR buffer 2.5 μL, 25 mM Mg 2+ 1.5 μL, and template 1 μL, adding double distilled H 2 O to 25 μL. The amplification was carried out in a PTC-200 thermocycler (Bio-Rad).
PCR amplification verification and sequence analysis:
Electrophoresis was performed on the amplified DNA fragments on 1% agarose gel in 1×TAE buffer. The PCR products were purified using the Gel Band Purification Kit (Tiangen Biotech Co.) and sequenced directly on an ABI 3730XL sequencer (Applied Biosystems Inc.)The obtained sequences of all samples were compared by the computer software Clustal X [33] to predict a strictly aligned region as the representative sequence. These sequences were submitted to the GenBank with access numbers as shown in Table 1 . The sequence diversity between every 2 samples was analyzed by PAUP* 4 beta 10 [34] software.
